THE LHC
AND THE HiGcags*

*not just a fairy tale

David Rainwater

Fermilab

Feb 23, 2000



OUTLINE

1. Introduction

What do we need to think about?
What kind of machine is the LHC?

2. SM Higgs production and decay
3. Learn to ignore ttH and V H production

4. Searches in gluon fusion
H — ~v
H — ZZ and large My
H—W+Ww-
the MSSM nightmare

5. Searches in weak boson fusion
H =y
H—-WTtW-~
H — vt
the MS55M No-Lose Theorem

6. “Precision” measurements of Higgs properties

7. Concluding Remarks
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Figure 19-i ATLAS sensitivity for the discovery of a Standard Model Higgs boson. The statistical significances
are plotted for individual channels, as well as for the combination of all channels, assuming integrated luminosi-
ties of 30 tb! (top) and 100 fb-1 (bottom). Depending on the numbers of signal and background events, the sta-
tistical significance has been computed as S/JE or using Poisson statistics. In the case of the H — WW*
channel, a systematic uncertainty of +5% on the total number of background events has been assumed (this
uncertainty has been included in this case, since no mass peak can be reconstructed and the Higgs boson sig-
nal has therefore 1o be extracted from an excess of events).
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Figure 19-ii ATLAS sensitivity for the discovery of MSSM Higgs bosons (in the case of minimal mixing). The 5¢
discovery contour curves are shown in the (m,, tanf) plane for individual channels and for integrated luminosi-
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Table 3: Signal my = 120 GeV and background ~vjj cross sections (fb) for successive levels of

cuts.

cuts B | GH: QCD jjyy EW ijyy | DPS ]
forward tagging + ID 2.2 215 62 83

+ staggered pp(; ) 1.9 66 29 17

+ 2 GeV mass bin 1.3 0.87 0.34 0.24

+ efficiencies (e = 0.473) 0.63 0.41 0.16 0.12
Piuru,20 x0.89 x0.30 x0.80 X 0.30

+ minijet veto 0.56 0.12 0.12 0.04

Table 4: Signal and total background «+yjj cross sections (fb) for various Higgs masses, after

application of all cuts, ID efficiencies (¢ = 0.473) and a minijet veto with p¥*° = 20 GeV.

Higgs mass (GeV) 100 110 120 130 140 150
¢-omjj-B(H—vy) () | 037 [048 |056 |o056 [048 | 0.33
€ apCcp (ﬂ.‘)) 0.14 0.13 0.12 0.11 0.10 0.08
e-ogw (fb) 0.14 0.13 0.12 0.11 0.10 0.09
¢-apps (Ib) 005 |004 |004 |o003 |003 |o0.02
€ - Ophg.tot (h) 033 031 |o028 |02 |02 o019
5/B 1.1 1.6 2.0 2.3 2.2 1.3

T Gaus (5{] b~ low ll]]"l"l.) 3.8 5.0 6.0 6.2 5.7 4.3




H — WHWw®

Table 1: Signal rates o - B(H — e*pFpp) for my = 160 GeV and corresponding background
cross sections (fb) for successive levels of cuts.

cuts Hjj tt+ jets | QCD EW QCDh | EW S/B
WWig | WW4j | 7755 TTjj

forward tagging 17.1 1080 4.4 3.0 15.8 0.8 ~1/65

+ b veto 64 1/5.1

+ M;;, ang. cuts 11.8 5.5 0.54 0.50 3.6 0.4 1.1/1

+ real T rejection 11.4 5.1 0.50 0.45 0.6 0.08 1.7/1

Pyury 20 x 0.89] x0.29 | x0.29 | x0.75 | x0.29 | x0.75 | -

+ minijet veto 10.1 1.48 0.15 0.34 0.18 0.07 4.6/1

+ tag ID effic. (x0.74) | 7.5 1.09 0.11 0.25 013 | 0.05 | 4.6/1

Table 2: Number of expected events for the Hjj signal after all cuts, ID efficiencies and a minijet

veto with pi#t® = 20 GeV, for 5 fb™" at low luminosity; and Gaussian equivalent Poisson statistical

significances. Total background is 5.5 events.

myg 115 120 130 140 150 160 170 180 190 200
no. events 1.6 3.6 8.8 15.8 24.0 37.5 36.2 29.9 20.8 16.3
S/B 0.4 0.7 1.6 3.2 1.8 7.5 7.3 6.0 4.2 3.3
TGauss 0.6 1.2 3.0 5.0 7.1 10.0 | 9.8 8.4 6.3 5.1
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H-> r+7 -

RESULTS AFTER ADDITIONAL JET VETO

Number of expected events for the signal and backgrounds:

ol 1D integrated luminosity

all cuts

veto on additional jets in central region

cfficiency factor for tagging jet ID ¢, = 0.74

mu(GeV) | Hjj QCD Zjj EBW Zjj Wi+jj bbjj |ocu.
110 24.2 6.3 3.4 0.3 0.8 5.7
120 20.6 1.8 1.2 0.3 0.7 7.4
130 16.0 0.9 0.7 0.3 0.6 6.3
140 10.0 0.6 0.5 0.4 0.5 4.7
150 4.8 0.4 0.4 0.3 0.4 2.6
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m(A) RECONSTRUCTED MASS
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5¢ observational contours for 40 fb~1 at the LHC
(analysis including tail contributions from other Higgs)
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e WBF VV — H at the LHC promises
three new modes of Higgs observation
1.SM H — WW new likely discovery

channel (130-200 GeV)

2.5M H — 7~ complements gg — H
mode (110-150 GeV)

3.5M /1 — 77 first measurement of
Hf f coupling (110-150 GeV)

4. ability to measure ggH/VV H
coupling ratios in all modes

o MSSM VV — (h, H) — 77 (+7v7) can
observe at least one of h or H with only
40 b ~1 over all MSSM tan(8)-m 4
space: the “No-Lose” Theorem

1. overlaps region covered by LEP

2. analysis/search technique identical for

oM & MSSM
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e WZ,ZH or ttH production modes minimally useful

e gg — H by itself has capability to observe any My, BUT:
1. Hff coupling very difficult, impossible at some masses
2. gauge couplings not determined very accurately ‘
3. no total width measurement for My < 250 GeV

4. possible to completely miss MSSM h,H

e new work: V'V — H complements gg — H and opens up

new possibilities

1. expect Higgs discovery with My in < 2 years

2. H f f coupling measurement easy!

3. ratio of cross sections excellent test of physics model
4. total width measurement at 10 — 15%

5. No-Lose Theorem for the MSSM

e H sclf-coupling A probably still undetermined



